After UV irradiation, Escherichia coli uvrA mutant cells show higher survival on minimal than on rich growth medium, i.e., they show minimal-medium recovery. This effect of rich growth medium on survival is not observed in a uvrA mutant carrying an mmrAI mutation, and the uvrA mmrA strain showed the same survival rate on minimal and rich growth media as the uvrA strain did on minimal medium plates. The mmrAl mutation was isolated as a hidden mutation from a uvrA polA mutant strain and shown to map at 84.3 min on the E. coli K-12 linkage map. In contrast to the uvrA strain, the repair of DNA daughter strand gaps was not inhibited in the uvrA mmrA strain by rich growth medium after irradiation. However, the uvrA and uvrA mmrA strains were similar in their ability to repair DNA when compared in minimal medium. These data are cohsistent with the idea that the mmr gene product is not involved directly in the repair of UV radiationinduced DNA damage, but rather allows rich growth medium to inhibit a portion of postreplication repair.
After UV irradiation, Escherichia coli uvrA mutant cells show higher survival on minimal than on rich growth medium, i.e., they show minimal-medium recovery. This effect of rich growth medium on survival is not observed in a uvrA mutant carrying an mmrAI mutation, and the uvrA mmrA strain showed the same survival rate on minimal and rich growth media as the uvrA strain did on minimal medium plates. The mmrAl mutation was isolated as a hidden mutation from a uvrA polA mutant strain and shown to map at 84.3 min on the E. coli K-12 linkage map. In contrast to the uvrA strain, the repair of DNA daughter strand gaps was not inhibited in the uvrA mmrA strain by rich growth medium after irradiation. However, the uvrA and uvrA mmrA strains were similar in their ability to repair DNA when compared in minimal medium. These data are cohsistent with the idea that the mmr gene product is not involved directly in the repair of UV radiationinduced DNA damage, but rather allows rich growth medium to inhibit a portion of postreplication repair.
In excision repair-deficient strains of Escherichia coli K-12, pyrimidine dimers induced by UV radiation lead to the formation of daughter strand gaps (DSGs) in the DNA synthesized after irradiation. During subsequent incubation in growth medium, these gaps are filled by a postreplication repair process (10) .
The survival of UV-irradiated cells of uvrA, uvrB, and uvrC mutants of E. coli is higher when the cells are plated on minimal rather than rich medium (3, 4, 12) . This phenomenon is called minimal-medium recovery (MMR) (4, 5, 12, 14) and is due to the partial inhibition of postreplication repair by rich growth medium (12) . In uvrA or uvrB mutants, MMR is largely blocked by recA or lexA mutations and partially blocked by recB, uvrD, or recF mutations, but a polA mutation has no effect on MMR (12) . However, we recently observed that a uvrA6 polAl mutant (strain SR142) constructed by Monk et al. (9) did not show MMR. This raised the possibility that strain SR142 carries a hidden mutation that affects MMR. We report on a new mutation, mmrAl, which was isolated from strain SR142 and which affects MMR and postreplication repair. dine (45 Ci/mmol; Amersham Corp.) per ml. A 1-mI sample of the pulse-labeled culture was collected by filtration (HAWG, 0.45-,u m pore size; Millipore Corp.), washed, and suspended in 0.7 ml of MM. The remaining 1-ml sample was collected and suspended in 0.7 ml of YENB. After the suspensions had been shaken for 80 min at 37°C, 0.2-ml samples were mixed with 0.26 ml of ice-cold spheroplasting solution, containing 0.06 ml of 30%o sucrose in 0.6 M Tris (pH 8.1), 0.1 ml of 32 mM EDT, and 0.1 ml of 0.1% lysozyme (Worthington Diagnostics) (modified from procedure in reference 15). After 10 to 15 min on ice, a 50-,ul sample containing -3 x 106 cells was layered on top of each gradient (5 to 20% sucrose in 0.1 N NaOH, 4.8 ml, capped with 0.2 ml of 0.5 N NaOH). After being held at room temperature for -50 min, the gradients were centrifuged at 10,000 rpm for 16 h at 20°C in SW50.1 rotors in Beckman model L2 and L5-50 ultracentrifuges.
MATERIALS AND METHODS
[14C]thymine-labeled bacteriophage T2 DNA was used as a molecular weight marker. The methods for processing the gradients and calculating the number-average molecular weight (Mn) have been described (7, 18, 19) . Figure 1A shows MMR in a urvA mutant (strain SR143); the F1o (UV radiation fluence to yield 10%6 survival) for YENB-plated cells was 2.5-fold less than it was for MM-plated cells.
RESULTS
Our earlier study (12) showed that MMR was not affected by a polAl mutation; however, when we tested strain SR142 (uvrA46 polAl), it unexpectedly did not show MMR (Fig. 1B); i.e., after UV irradiation, the survival of MM-grown cells was the same on both MM and YENB plates. This result raised the possibility of an unknown mutation in strain SR142 that prevented it from showing MMR.
Strains SR142 (Mmr-) and SR143 (Mmr+) were constructed by Monk et al. (9) using phage Pl propagated on strain p3478 (polAI) (6) . Since strains SR142 and SR143 are cotransductants that had been selected for methionine prototrophy, we tested whether a mutation affecting MMR (which we shall call mmrAl) was linked to c transductants are also shown in Fig. 1 (Fig. 1D ).
.
Rich growth medium (e.g., YENB) has been 0 CD shown to partially inhibit the repair of DNA
DSGs in a uvrB mutant of E. coli K-12 (12 ner over the entire fluence range ( Fig. 2A) (12) , and they are known to make excision repair-deficient strains sensitive to UV radiation (13, 18) . Therefore, we conclude that mmrAl is not an allele of the uvrD gene.
We transduced the mmrA mutation into another E. coli K-12 uvrA mutant strain and showed that it still blocked the effect of rich growth medium on survival and postreplication repair. Thus, the mmr gene seems to play a role in'the process by which rich medium causes an inhibition of the filling of DSGs. This appears to be a unique way of regulating MMR. Other mutations that reduce or block 'MMR (e.g., recB, recA, lexA) are thought to do so by inactivating the specific'DSG-filling process that would be affected by rich growth medium.
In conclusion, the mmr gene does not seem to be involved directly in the repair of DNA lesions since the mmrAl mutation does not affect the survival of UV-irradiated cells on MM. However, the presence of this mutation helps the cells in repairing UV radiation-induced
